In this paper we report on two applications of the Willingness-to-Pay (WTP) approach to valuing transport externalities in Santiago, Chile. The first involves a contingent valuation study of mortality risk due in part to pollution-related causes, and the second, a stated preference study for valuing the reduction of risk from road fatalities. It is concluded that the approaches, and particularly that based on stated choice methods, offer practical and consistent methods of establishing unit values in higher income developing countries. The unit values derived from the WTP methods appear to justify a greater allocation of resources to safety and pollution countermeasures compared with those derived from more traditional approaches.
Introduction
In many countries of the developed world, various methods have been used for valuing the external effects of road traffic and, in particular, congestion, pollution, noise, visual intrusion and amenity loss. An extensive range of applications has been reported by, among others, Quinet (1994 Quinet ( , 1997 , Maddison et al (1996) , Green et al (1997) and ECMT (1998) where international comparisons are documented. The taxonomy and characteristics of the valuation methods, together with the relative strengths and weaknesses of the different approaches, are widely treated in the above literature and will not be reviewed here. The main thrust of this research is the establishment of the full social costs of road transport as a basis for efficient pricing in the transport sector and extending the scope of social cost benefit analysis for improved decision making in project appraisal.
Although valuation techniques and cost benefit analysis are increasingly applied to environmental problems in less developed countries (see, for example, Abelson, 1996 and Georgiou et al, 1997) , with the rare exception of congestion and accident costing, the valuation of transport externalities in less developed countries (LDCs) is in its infancy. One approach which could be considered -and not infrequently applied in practice -is the transfer of US or European unit values to developing countries, with suitable adjustment for relative income levels. However, it is known from measurements of the Value-of-Time that transferability to different cultural settings may be suspect and justifies the implementation of local studies.
In several developed countries Willingness-to-Pay (WTP) has become an institutionally accepted means for deriving monetary values from revealed and expressed preference studies. This approach is not however represented among the methods currently applied in the transport sector of the less developed world. Due to widespread market failure which detracts from the application of revealed preference methods and the practicalities of eliciting responses to relatively complex surveys in developing countries, the WTP approach has usually been considered inappropriate.
The main aim of the present paper is to consider the potential for extending the scope and quality of valuation methods at least for higher income developing countries, where there is a large potential for traffic growth and where road accidents and pollution derived from traffic are already severe. The paper reports on two studies in which willingness-to-pay (contingent valuation and stated preference) methods 1 have been applied to accident and pollution costing in Santiago, Chile. These are among the first applications of expressed preference methods to address the costing of transport externalities in less developed countries and, to the authors' knowledge, the first of the stated preference approach. As we shall describe, both applications draw on state-of-the-art developments in international research.
It is apparent that Chile exhibits a number of features of both developed and developing market economies. It does not have a very highly skewed population age structure, characteristic of many low-income developing countries, nor does it suffer from severe unemployment (the unemployment rate, under a recent heavy recession, was under 10%). Car ownership in its capital, Santiago, is currently at 0.15 per head, and car use has been growing rapidly at 6% per annum. The primary network outside the capital is still 1 There is potential confusion in reference to SP, which is sometimes used synonymously with all Expressed Preference methods. As described here (and in the transportation literature), the SP technique, also sometimes referred to as Conjoint Analysis, involves the construction of hypothetical choice contexts in which individuals are asked to select (definite choice), rate or rank alternatives. The information derived from the experiment is then analysed using, typically, logit or probit models (see Ortuzar and Willumsen, 1994) . under development and the scope for infrastructure investment is considerable. In these regards Chile is typical of a developing market economy and rather similar to a range of other Latin American Countries, such as Argentina, Columbia and Venezuela. In common with many other middle income countries, road traffic accidents and pollution are very significant problems. Indeed, the climate, geographical disposition and topography of Santiago make it susceptible to the build up and local concentration of pollutants. In the winter months of May to July the concentration of particulate matter is among the highest in the world with well-documented health effects Cifuentes et al, 1999b) .
Although there are pockets of relative poverty in the capital, Santiago is a sophisticated city, with mature institutions, good educational infrastructure, and technically competent public servants who have long experience of social cost benefit analysis in project appraisal. As a higher income developing country that has successfully implemented and officially supported value-of-time research it therefore appeared that Chile would be an appropriate country for testing further applications of willingness-to-pay methods.
As a prelude to a discussion of the two applications, the current use of monetary values in accident and pollution costing in Chile is considered. These current numerical values will provide an important contrast to those derived from WTP, a point to which we shall return in a concluding section.
Use of Monetary Values for Accident and Pollution Costing in Chile
For the purpose of accident costing, the human capital (HC) approach is widely applied in developing countries (Hills and Jones-Lee, 1983; Jacobs, 1995; Jacobs and Aeron-Thomas, 1999) . There are no examples of local WTP approaches, which are increasingly accepted for both fatal and non-fatal accident costing in developed countries. For Chile, using the human capital approach, the gross output value of a statistical life amounted to US$ 42,000 at 1989 income figures (Eskeland, 1994) . This value was recently updated by 45% (the increase in per capita income from 1989 to 1997) to $60,900 in a study done for the National Environmental Commission (Cifuentes, 1998) . Such costs are used to assess the scale of accident fatalities in the country and as an aid to resource allocation to accident counter-measures 2 . Accident costs are however seldom applied in investment appraisal in Chile, the difficulty of their estimation over the lifetime of a project being a contributing factor. Pollution costing studies have been undertaken in several countries of the developing world, including: Indonesia, Taiwan, Thailand, India, China, Central and Eastern Europe, Brazil and Chile (see Georgiou et al, 1997, section 6.7; . In the case of air pollution, in which adverse health effects have their origin in both the industrial and transportation sectors, damage estimates are usually obtained from doseresponse functions applied in conjunction with unit values. The latter are either local (often human capital) values or derived from a developed country setting according to income ratios adjusted for the income elasticity of demand.
Santiago is one of the few cities of the developing world where damage estimates of pollution costs have been made. Here, local epidemiological evidence is available to 2 In 1998 there were 1,850 fatalities on the spot, including 877 victims in urban areas, in a country with only 14 million people and some two million cars. The situation is improving under the initiatives of a newly created National Agency for Road Safety (NARS). In one such initiative, the Concessions Division of the Ministry of Public Works incorporated a road safety prize in its call for tenders to private companies interested in building and operating private toll roads. Each death averted, over a base figure calculated after the first year of operation of the new facility, is assessed at the gross output value of a statistical life. 50% of the proceeds are granted to the concessionaire in the form of a raised toll for the following year, based on the notion that an enhanced service is being offered.. establish dose-response functions (see Ostro et al, 1996 and Cifuentes et al, 1999b) . A study undertaken for the National Environmental Commission (Sanchez and Valdez, 1997) estimated the social benefits of Santiago's Decontamination Plan using the damage function approach, as recommended by Ostro (1996) , and values derived from the human capital method. The net present value of the Plan (designed to comply with the primary PM 10 standard in 15 years) was US$ 392 million. A more recent study (Cifuentes, 1998) used lower bound WTP values transferred from the USA to estimate the value of health related effects due to air pollution levels in Santiago. Using these values, the social benefits for the same concentration reductions amounted to US$ 2,077 million. The wide discrepancy between the human capital and transferred WTP values emphasises the crucial importance of deriving local estimates of the latter.
A Contingent Valuation Study of Pollution Related Mortality Risks
The research reported here involves a determination of the willingness-to-pay for small reductions in the risk of death at two stages: the current age and an advanced age, the latter values being associated with air pollution which mainly affects the elderly (Wilson and Spengler, 1996) . Thus, when valuing improvements to current exposure that would reduce future risks, it is important to know how much people would be willing to pay today for policies which give rise to such improvements in the future.
The four-part survey instrument used was based on the work of Krupnick et al (1999) . Its main objective was to obtain the WTP for present and future risk reductions, while trying to overcome some problems found in previous CV studies -mainly that some respondents fail to understand the basic notion of probability, attributing similar WTP to different reductions of risk, and that respondents may give zero WTP to reduce future risks of death due to lack of understanding of the commodity being valued. The approach differs from previous CV studies of risk reductions in the following ways: (i) the timing of risk reductions and the attention given to the timing of payment; (ii) the proposal of a base-line risk accepted by respondents as their own, according to their age and gender, and the fact that there is no mention in the questionnaire about the policy under which the risk reduction was to be achieved.
The four parts of the questionnaire are composed as follows. The objective of the first is to familiarise respondents with the concept of risk of death and with its perception. In addition, it draws attention to the main causes of death in Chile, by age and gender, and about common measures for mitigating these causes of death and their costs. The objectives of the second part are to introduce an age and gender specific baseline risk, to check if respondents accept it as their own risk, and then to obtain WTP for reductions in the risk of death in the next ten years of life. Proposed reductions in baseline risk are one in a thousand and five in a thousand. The results which are reported here used an open-ended payment elicitation method. The baseline and the reductions in risk were presented graphically, using a matrix of 1,000 circles; respondents were presented with the baseline risk, and were asked to rub-out the risk reductions being valued. This method appeared to work well and suggested that the surveyed individuals had acquired a good understanding of the questions asked.
The objective of the third part is to obtain WTP for the reduction in the risk of death between 70 and 80 years of age, once the person has reached 70. That is, for averting premature deaths such as those normally associated with pollution effects (Schwartz, 1994) . The same approach as in part two is used, but only the reduction of five in one thousand is presented. Finally, the objective of the last part of the questionnaire is to obtain detailed socio-economic data in order to aid stratification in model estimation.
After establishing the base line risk and having it accepted by the respondent, the fundamental questions in the second part of the questionnaire took the following form. interesting to note that people tend to associate the phrase "government measures taken in this year to avoid premature deaths in the future", with pollution reduction measures because these are much in vogue in Santiago, and repeatedly being discussed and criticised as ineffective in the press. The socio-economic data collected included: age, gender, civil status, education level, activity/profession, number of family members and income level.
Results
We summarise here the findings from a sample of 94 individuals taken from the Campus San Joaquín of the Pontificia Universidad Católica de Chile. Further details are available in Cifuentes et al (1999a) . The age and gender distribution of this sample is shown in Table 1.  TABLE 1 ABOUT HERE Firstly, it is interesting to mention that the survey form took approximately 30 minutes to complete with an interviewer. A significant part of this time was spent familiarizing the respondent with the concept of probability and baseline risk using the matrix of circles. Secondly, 41% of respondents had experienced the death of a relative in the last two years. Also, 65% accepted the base-line risk (27% thought it should be higher and only 8% considered that it should be lower).
Risk reductions of 5/1000 were indeed found to be valued higher than reductions of 1/1000. Tests were made for external validity by asking separate groups these questions in a different order and noted consistent results, with higher WTP given for the greater risk reduction. Also, the WTP values for respondents with recent death of a relative were higher than the rest (a reasonable result). Finally, although WTP values were highly dispersed, only 25% of respondents reported a WTP of zero.
In terms of reaching an advanced age, 55% of respondents believed they would reach 70, 9% thought they would not, and the remainder (36%) did not know. Respondents appeared surprised with the information about the number of deaths between 70 and 80 years of age. Finally, 76% of respondents found it reasonable to pay today for the implementation of government measures which would be beneficial only at 70. Surprisingly, the five individuals who believed they would not reach 70 expressed a nonzero willingness-to-pay (perhaps reflecting their anticipation of benefits from a policy implemented before their demise). Table 2 presents estimates of the value of a statistical life calculated as the ratio between the net present value of the willingness-to-pay and the risk reduction under consideration (a 5% annual discount rate was used but, given the payment schedule of ten years, results are not particularly sensitive to it). TABLE 2 ABOUT HERE Although the results are based on data for a sample of 94 individuals which is not entirely representative of the population in Santiago, two important conclusions can be derived. Firstly, the ratio of willingness-to-pay for risk reductions of 5/1000 and 1/1000 is close to four and this is consistent with expectations given the decreasing marginal utility of risk reductions. It also suggests that people are capable of distinguishing between rather small reductions in risk. Secondly, the value for a statistical life is close to five times higher than that obtained from the human capital approach. This is consistent with findings elsewhere (see, for example, Cropper and Freeman, 1991) . We return to consider the implications of these results in the final section.
An Application of Stated Preference in the Valuation of Road Fatality Risks Design of the Stated Preference Experiment
To explore how much people were prepared to pay for the reduction in the risk of death from a road accident, we chose a quasi-market involving route choice for drivers. Specifically, the inter-urban journey between Santiago and Valparaíso (Chile's main port some 120 km to the east) was selected and respondents were invited to choose between two alternative states of the highway, R1 and R2, on the basis of three attributes: travel time (in hours), accident risk (to be defined) and toll charge, all other things being equal.
The choices made by each individual, together with the values of each attribute in each choice situation, were the data used in the estimation of the following binary logit discrete choice model. Here, the probability P i of selecting the "low risk" (LR) and "high risk" (HR) options (in each situation the risk of having a fatal accident was different by design) is expressed in terms of the representative utilities V i The measurement of accident risk does, of course, present a particular challenge because, even in Chile, the risk of dying in a road accident is extremely low in percentage terms. We experimented with several forms to treat this problem (see Rizzi et al, 1999 for full details) and concluded that the preferred one was through a variable defined as the number of car accidents per year in which at least one of the occupants died. Table 3 shows a specimen "card" of the experiment. TABLE 3 ABOUT HERE We assessed the importance of including questions (see below) about road safety and accident experience, prior to or after the SP questionnaire, and also that of mentioning that the objective of the survey was to estimate the value of life in the letter introducing the SP experiment.
The factorial design used was the traditional one based on differences of the aforementioned generic attributes. In this case three levels were considered for each attribute, as shown in Table 4.  TABLE 4 ABOUT HERE Consistent with current good practice, simulation was used to check that the design was well balanced and allowed for good parameter recovery (see Pearmain et al, 1991; Ortúzar and Willumsen, 1994) .
The survey instrument involved a self-completion questionnaire in three parts. The first part includes questions relating to the respondent's driving characteristics and, in particular:
• highway driving experience and familiarity with the Santiago-Valparaíso highway • previous accidents experienced by driver or acquaintances and safety characteristics of the car (a third of the sample had this question after the SP questionnaire).
It is important to remark that the selected highway is probably the most important and well-known road in the country and traffic conditions, particularly in long weekends or holiday periods, are a constant subject of news programmes. It was made clear to respondents that the two options in each hypothetical situation referred to the same actual highway, with only the toll, travel time and accident rates subject to variation.
The second component of the questionnaire is the SP exercise itself, with nine choice situations as discussed above. After finishing it, further questions were asked to gauge the perceived reality of the exercise. The final part sought the usual socio-economic data, including: education level, marital status, number of children, income, etc., to be used eventually in model estimation.
The survey was sent to both academic and non-academic staff of several Faculties of the Pontificia Universidad Católica de Chile and of the Faculty of Engineering at the Universidad de Chile. In all 121 completed forms were returned (response rate greater than 40%) of which 118 were judged appropriate for further analysis (the other three declared not to have driven on a highway in the last year); furthermore, 102 of these have driven at least once on the Santiago-Valparaíso highway in the last year. The gender and age distribution of this estimation sample is shown in Table 5 ; as can be seen the majority are males and in their prime. TABLE 5 ABOUT HERE The data may be stratified by income level, education level, married status, number and age of children, and by those who had had or were acquainted with people involved in a serious accident in the past two years. With regard to the latter, it is interesting to note that, while
only 11 had been involved in a serious accident themselves, 41 (34.7%) had a relative or acquaintance who had died in a road accident in the last two years.
Before the discrete choice analysis, the data were screened for departures from linear compensatory behaviour by individuals (i.e. that assumed in our discrete choice logit specification) or for the existence (or appearance) of consistent lexicographic behaviour 3 and consistent non-linear compensatory behaviour 4 (see Rizzi et al, 1999 and Saelesminde, 1999) . Results Linear logit models were estimated for various stratifications of the sample. In particular we tested the effects of removing those exhibiting lexicographic behaviour and those with answers that were inconsistent with linear compensatory behaviour. Among the strata tested were the following:
• Case 1: all responses (i.e. 1,033 observations) • Case 2: as above but excluding subjects exhibiting apparent lexicographic behaviour (706 observations left) • Case 3: as above but excluding subjects who showed any inconsistent responses with compensatory linear behaviour or who did not find the exercise realistic (289 observations left) • Case 4: as above but including all the consistent responses of subjects removed in the previous step (584 observations in total). This is the only case where individual responses of subjects are considered. The results are shown in Table 6 which presents the parameters for the toll, risk of accident variable and travel time, and the ratios of the last two to the first, which can be interpreted as WTP for risk reduction and value of time, respectively (see Gaudry et al, 1989) . It is important to mention that we tested for framing and other effects using the various cases tested (i.e. using frequency rather than number of accidents, and including the questions about safety and involvement in road accidents prior to or after the SP questionnaire). We used structural parameters for mixing data from the different cases, but found that results were not very sensitive to them (see Rizzi et al, 1999) . As can be seen, the results are most sensitive to the elimination of those participants who exhibited lexicographic behaviour 5 . TABLE 6 ABOUT HERE Several points are worth noting. Firstly, once the individuals exhibiting lexicographic behaviour are removed, the point estimates of both value-of-time and accident valuation are remarkably robust with respect to model stratum (in fact, as the confidence intervals are almost identical these values are clearly not statistically different at the 95% level); however, the estimates for Cases 2, 3, and 4 are significantly lower than those corresponding to the first stratum, Case 1. Secondly, the values of time are in close agreement with previous Chilean values derived from route and mode choice models estimated with both SP and RP data (see, for example, Ortúzar, 1999) . This is very gratifying and seems to imply that the experiment was both well designed and well understood by the respondents.
Finally, it is clear that the confidence intervals for the point estimates in case 3 and, especially, case 4 are narrower than the rest. This was expected as these cases only consider responses which are consistent with compensatory linear behaviour.
In order to obtain the value of a statistical life in the case of road fatalities, an aggregation over the annual flow along the highway must be made. Special attention must be paid to the individuals exhibiting lexicographic behaviour; even if they are not truly lexicographic (i.e. they have a value of safety so high that they are not able to compromise given the toll values in the experiment), it is clear that their willingness-to-pay is significantly higher than those derived in Table 6 . So, in any case, the WTP values derived from models 2-4 can be labelled as conservative. On the other hand, the WTP values in the table are those of the drivers and not of all individuals (the average number of car occupants that died per accident in 1996 and 1997 was 1.32 persons per vehicle, see Rizzi et al, 1999) .
From the annual flow on the Santiago-Valparaíso route (3.7 million cars in both directions), the road fatality rates along the route, and the WTP for a reduction in risk of a fatal accident (derived from case 4 which is the best model in Table 6 ) it is straightforward to estimate the value of a statistical life as approximately US$ 521,360; its confidence interval, derived from the corresponding WTP confidence interval for case 4, is [US$ 392, 730] . Note that even if we had taken the lowest WTP value in Table 6 (the lower confidence limit for Case 3) we would have obtained the conservative value US$ 308,500.
Within the context of the present experiment, these values are also conservative because there is no consideration for: public transport users, provision for altruistic behaviour (see Freeman, 1993) , or pedestrians circulating in areas of conflict with the highway; nor do they take into account additional costs such as traffic disruptions, police costs and hospital care, etc. However, even the lower bound value of US$ 308,500 is considerably higher than the 1997 human capital figure of US$ 60,900.
Discussion and Conclusion
In higher income developing countries, of which Chile is an example, there will be several contexts in which the limitations underpinning WTP methods are not significantly different from those in developed countries, and preferences, revealed or expressed, could be a useful guide to policy formulation and appraisal.
The expressed preference experiments reported here are based on state-of-the-art designs. Both the stated preference and the contingent valuation applications appear to have produced consistent and reasonable numerical results. No major problems are anticipated in extending these methods to larger samples or applying the approaches to similar higher income developing countries. Past experience in discrete choice modelling and value-oftime studies supports this view (Ortúzar and Willumsen, 1994) .
It should be emphasised that the values attributed to risk reductions derived from the two experiments are not directly comparable as the CV study is measuring the WTP to reduce the risk of dying from a number of different causes, including those from pollutionrelated causes, at some time in the future. The SP experiment identifies a single cause of death at the present time 6 . However, even allowing for the propensity for expressed preference approaches to generate high values compared with other methods (see, for example, the discussion in Quinet, 1994; and Randall and Hoehn, 1996) , the studies reported in this paper strongly suggest that the value of a statistical life derived from willingness-to-pay approaches is significantly higher than that currently accepted from more traditional human capital analyses. In this respect, our findings are entirely consistent with the numerical values obtained from the HC approach and range of WTP estimates in developed countries. We are aware, from the experience in developed countries, that there are many factors which will influence the introduction or extension of the use of monetary values as the basis for transport policy formulation and decision making. We would include here: the institutional context within which transport decisions are made and projects are financed; existing frameworks for analysis and evaluation; and the ease with which information can be acquired. Additionally, the acceptance of the WTP approach, is likely to depend on the extent to which the numerical values produced are consistent with any currently accepted values. Much higher numerical values may meet with institutional resistance, particularly by treasury officials -an experience familiar in the developed world. The authors were informed by one senior official that this would almost certainly be the case in Chile.
However, insofar as willingness-to-pay is accepted as a suitable social welfare measure in less developed countries, the failure to implement appropriate evaluation methods may well have significant consequences. We draw the following conclusions from the large differences between the human capital and willingness-to-pay values. Firstly, it suggests that an increase of resources for accident and pollution counter-measures may well be justified on both social efficiency and environmental grounds. Secondly, it is also probable that in investment appraisals, where social cost benefit analysis is still not widely applied in practice, inappropriate decisions are being taken both on resource allocation between modes and in respect to projects and programmes involving large capital sums. 
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